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(54) Method for manufacturing joint of carbon steel pipes suitable for expansion and expanding 
method 

(57) Carbon steel pipes are joined to each other in a 
non-oxidizing atmosphere by using an insert constituted 
by a Ni-base alloy or a Fe-base alloy having a melting 
point which is lower than 1200°C and a thickness of 
80mm or smaller under conditions that the surface 
roughness Rmax of the joined surfaces of the carbon 
steel pipes is 20 p.m or smaller, the joining temperature 
is not lower then 1250°C nor higher then 1330°C, dura- 
tion at the joining temperature is 30 seconds or longer 
and the pressure is not lower than 2 Mpa nor higher 
than 4 MPa. The expanding operation is performed 
such that the maximum difference in level of the joined 
portion is not larger than 25% of the carbon steel pipe 
and the expansion ratio is 25% or lower. 
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Description 

[0001] The present invention relates to joining of carbon steel pipes, and more particularly to joining of oil well 
pipes, such as casing tubes, production tubes or coiled tubes, for use in an oil well or a gas well, joining of pipes for a 
5 plant or line pipes for use in the chemical industry, petrochemistry or the like, and a method of enlarging the inner diam- 
eter of the joint of carbon steel pipes. 

[0002] Conventionally, the oil well pipe, such as the casing tube or the production tube, for use in an oil well or a gas 
well, has been constituted by joining a multiplicity of carbon steel pipes each having a predetermined length (about 10 
m to about 15 m). 

10 [0003] For example, when an oil well or a gas well is mined, steel pipes, called casing tubes, are embedded in the 
shaft to protect the shaft dug in the ground and prevent leakage of crude oil or gas. Since the oil well or the gas well is 
usually present thousands of meters below the ground or the bottom of the sea, the casing tube must have a length of 
thousands of meters. Crude oil or gas pumped up from the oil well or the gas well is transported to an accumulating 
tank or a refinery through a separating unit by using a flow line or a pipe line extended for a distance of several kilom- 

15 eters. 

[0004] The carbon steel pipes for use in the foregoing case are joined by any one of known methods below: a screw 
joining method (a mechanical coupling method), a welding method (an orbital welding method), a friction welding 
method or a diffusion bonding method. 

[0005] The screw joining method is a method arranged to engage screws formed at the ends of the carbon steel 
20 pipes to join the carbon steel pipes to each other. The screw joining method has an advantage that time required to join 
each pipe takes a short time of about 5 minutes to 10 minutes and satisfactory working efficiency can be realized. The 
foregoing method, however, suffers from a problem in that oil or gas easily leaks through the joined portion. It leads to 
a fact that the screws provided for the carbon steel pipes must have excellent accuracy. Moreover, excellent skill is 
required to perform the screw joining operation. To protect the screw portion formed with excellent accuracy from dam- 
25 age, transportation and handling of the carbon steel pipes having the screw portions require close attention to be paid. 
Although airtightness of the joined portion can be maintained in a case where tensile stress is exerted, the screw joined 
portion is undesirably enlarged in the radial direction when compressive stress is exerted. Thus, there arises a problem 
in that leakage of oil or gas cannot be prevented. 

[0006] In the welding method, a beveling is provided for the end surface of each of the carbon steel pipes and the 

30 beveling is filled with metal which must be welded so that the carbon steel pipes are connected to each other. The weld- 
ing method is free from any leakage of oil or gas from the welded portion if incomplete fusion is performed or a blow 
hole is not formed. Moreover, an advantage can be realized in that satisfactory welded portion permits equivalent char- 
acteristics to those of the base metal to be obtained against compressive stress as well as tensile stress. The welding 
method, however, suffers from unsatisfactory efficiency. Since multilayer welding must be performed in a case of thick 

35 pipes each having a large diameter, an excessively long time of one to two hours is required to complete one joint. 
Moreover, there arises a problem in that influences of the environment including the weather and wind are exerted on 
the welding operation which is performed at the site. What is worse, excellent welding skills are required. 
[0007] In the friction welding method, the abutted carbon steel pipes are relatively rotated or slid while pressure is 
being applied. Then, thus-generated fictional heat is used to soften and weld the ends of the carbon steel pipes to each 

40 other. The foregoing method is able to realize advantages in that any skill is not required, the joining operation can be 
completed in a short time and excessive influence of the operation environment can substantially be eliminated. How- 
ever, the foregoing method cannot prevent flash of the inner and outer surfaces of the joined portion of the carbon steel 
pipes. Therefore, there arises a problem in that removal of the flash, in particular, removal of the flash formed on the 
inner surface requires a long time. As a method to solve the foregoing problem, a radial friction welding method has 

45 been developed. In the method, a ring having a wedge-like cross section is inserted between the end surfaces of a pair 
of carbon steel pipes. While securing the pair of the carbon steel pipes, the ring is inwards pushed toward the center of 
the carbon steel pipe to perform pressure-welding. The pressure-welded joint attains only poor characteristic. There- 
fore, there is no report about the employment of the method to join the oil-well pipes. 

[0008] The diffusion joining method is able to prevent any leakage of oil or gas through the joined portion if the join- 
50 ing operation is performed under appropriate conditions. Although resistance against compressive stress arises simi- 
larly to the foregoing welding method, tine required to complete one joint can be shortened to about 1/3 to 1/2 of the 
welding method. Thus, advantage can be realized in that joints exhibiting high quality can efficiently be formed. There- 
fore, the diffusion joining method is a significantly advantageous method as a method of joining oil-well pipes and line 
pipes. 

55 [0009] On the other hand, in order to reduce the oil or gas producing cost, a method has been developed with which 
a shaft having a diameter smaller than that of the conventional method is formed. Moreover, casing tubes each having 
a length of hundreds of meters and inserted into the shaft is expanded on the ground (World Oil: P.31, April, 1999). 
[0010] In the foregoing method, a tool which has been inserted into a casing tube having a long length of hundreds 
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of meters and which has an outer diameter larger than the outer diameter of the tube is moved in the tube by using 
hydraulic pressure or the like. Thus, the inner diameter of the tube is continuously enlarged. Therefore, the diameter of 
the shaft is reduced to reduce drilling cost. The distance from the shaft to the casing tube is shortened to reduce the 
cementing cost. Moreover, the number of the required casing tubes is decreased. Thus, reduction in the production cost 
5 of oil or gas is expected. 

[001 1] As described above, the casing tube having the long length of hundreds of meters cannot be constituted by 
one carbon steel pipe. Therefore, a multiplicity of carbon steel pipes each having a predetermined length are joined to 
one another to form a joint of carbon steel pipes and expanded . The joints of carbon steel pipes are connected to one 
another by any one of the foregoing methods, such as the above described screw joining method (the mechanical cou- 
10 pling method), the welding method (the orbital welding method), the friction welding method and the diffusion bonding 
method. Also the joined portion of the joint of carbon steel pipes is expanded similarly to the base metal of the carbon 
steel pipe. Therefore, the joined portion must have diameter-expansion characteristic similar to that of the base metal 
of the carbon steel pipe. 

[0012] When the joints of carbon steel pipes connected by the screw joining method are expanded, deformation of 

15 the joined portion results to loose the clamped screws. Thus, there arises a problem in that oil or gas easily leaks. 
Therefore, precise screws each having a special shape are employed. However, the foregoing method cannot permit 
satisfactory characteristics to be obtained. Moreover, machining of the foregoing special screws requires a large cost. 
To protect the screw portions from damage, there arises a problem in that transportation or handling of the screws 
require close attention to be paid. Therefore, its applicable range is limited. 

20 [001 3] The mechanical characteristics of the welded portion of each of joints of the carbon steel pipes joined by the 
welding method are similar to those of the base metal if the welded portion is free from any defects, such as incomplete 
fusion or pores. To maintain the mechanical characteristics of the welded portion, a projection called "weld reinforce- 
ment" is formed on the outer surface of the welded portion of the carbon steel pipes. Moreover, projections called "pen- 
etration beads" are formed on the inner surface of the welded portion of the carbon steel pipe. Therefore, expansion of 

25 the joint of carbon steel pipes joined by the welding method using an expanding tool must have a process for removing 
the penetration beads on the inner surface of the welded portion of the carbon steel pipe which inhibits passing of the 
expanding tool. The removal of the penetration beads formed on the inner surface of the welded portions of the carbon 
steel pipes at the site in the oil well or the gas well requires a great cost and encounters difficulty. From a viewpoint of 
preventing defects, such as cracks of the welded portion in the expanding process, the ends of the weld beads on the 

30 outer surface of the welded portion of the carbon steel pipes must be smoothed. As an alternative to this, the weld rein- 
forcement on the outer surface of the welded portion of the carbon steel pipes must be removed. There arises a prob- 
lem in that also the foregoing operation requires a great cost. 

[0014] The joint of carbon steel pipes which has been friction-welded by the friction welding method encounters for- 
mation of flash on the outer surface of the welded portion. Therefore, expansion of the joint of carbon steel pipes welded 

35 by the friction welding method by using an expanding tool must perform a process for removing at least flash on the 
inner surface of the welded portion of the carbon steel pipes. The removal of the flash formed on the inner surface of 
the welded portions of the carbon steel pipes and obstructing passing of the expanding tool at the site in the oil well or 
the gas well requires a great cost and encounters difficulty. From a viewpoint of preventing defects, such as cracks of 
the welded portion in the expanding process, the flash on the outer surface of the welded portion of the carbon steel 

40 pipes which serve as stress concentration source must be smoothed. Alternatively, the flash on the outer surface of the 
welded portion of the carbon steel pipes must be removed. There arises a problem in that the foregoing machining proc- 
esses require a great cost. 

[0015] The joint of carbon steel pipes joined by using the diffusion welding method does not suffer from formation 
of weld reinforcement on the outer surface of the welded portion of the carbon steel pipes and penetration beads 

45 formed on the inner surface of the same as distinct from the welding method. Moreover, formation of flash on the inner 
and outer surfaces of the welded portion of the carbon steel pipes can be prevented as distinct from the friction welding 
method. Therefore, when the joint of carbon steel pipes joined by the diffusion welding method is expanded by using 
the expanding tool, the necessity of removing the projections formed on the inner surface of the joint of carbon steel 
pipes which obstructs passing of the expanding tool can be eliminated as distinct from the welding method or the friction 

so welding method. Moreover, the necessity of smoothing the projections formed on the outer surface of the joint of carbon 
steel pipes which serve as the stress concentration source or removing projections formed on the outer surface of the 
joint of carbon steel pipes in order to prevent occurrence of defects, such as cracks, of the welded portion in the expand- 
ing process can be eliminated. Therefore, an advantage can be obtained in that the expanding operation can signifi- 
cantly efficiently be performed. 

55 [0016] When joint of carbon steel pipes is manufactured by using the diffusion joining method, the following factors 
are previously examined: the tensile strength of the joint of carbon steel pipes in a state where joint has been estab- 
lished and an influence of the joining temperature which is exerted on the characteristics, such as fatigue strength and 
the like, duration time at the joining temperature and the joining conditions, such the pressure, which are exerted on the 
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joined surfaces. Thus, a range of the joining conditions which satisfies required characteristics is obtained to manufac- 
ture the joint of carbon steel pipes. 

[0017] A situation will now be considered in which a tool having an outer diameter larger than the inner diameter of 
the joint of carbon steel pipes is inserted into the joint to expand the joint of carbon steel pipes. The joint of carbon steel 
5 pipes joined under condition satisfying the joining conditions obtained from a result of examination of the influence of 
the joining conditions which is exerted on the characteristic of the joint of carbon steel pipes in the joined state cannot 
eliminate fear of occurrence of defects, such as cracks of the joined portion, during the expanding operation. Moreover, 
satisfactory characteristics of the expanded joint of carbon steel pipes cannot be obtained. 

[0018] If the joined portion of the joint of carbon steel pipes inserted into hundreds-meter-deep shaft and having a 
w length of hundreds of meters is cracked, pressurizing fluid leaks through the cracks. It leads to a fact that the pressure 
for forwards moving the expanding tool is lowered. As a result, the expanding tool cannot furthermore be moved at the 
cracked portion. Hence it follows that the expanding operation cannot be continued. In the foregoing case, the foregoing 
problem cannot easily be restored. If the worst happens, the oil well or the gas well must be abandoned. Thus, a great 
loss is produced. 

15 [0019] Further, if the joined portion of the joint of carbon steel pipes inserted into hundreds-meter-deep shaft and 
having a length of hundreds of meters is cracked, the joint of carbon steel pipes forwards than the position at which the 
cracks have occurred are sometimes separated. In the foregoing case, the expanding operation cannot be continued. 
What is worse, the shock sometimes causes the shaft to fall or the pressuring fluid is jetted from the gap between the 
shaft and the expanded joint of carbon steel pipes. Thus, a very dangerous state is realized. In the foregoing case, the 

20 foregoing accident cannot easily be restored. If the worst happens, the oil well or the gas well must be abandoned. 
[0020] An object of the present invention is to provide a method of manufacturing a joint of carbon steel pipes, and 
in particular it is an object of the invention to provide a method of manufacturing a joint of carbon steel pipes suitable 
for a joining method in that carbon steel pipes are joined to one another in an appropriate joining condition range so as 
to expand the joint of carbon steel pipes by inserting a tool having an outer diameter larger than the inner diameter of 

25 the joint of carbon steel pipes into the joint to expand the joint of carbon steel pipes. Another object of the present inven- 
tion is to provide a method of expanding a joint of carbon steel pipes which is free from an apprehension that defects, 
such as cracks, occurs in the joined portion during the expanding operation. 

[0021] According to the invention there is provided a method according to the appended independent claims. Pre- 
ferred embodiments of the invention are defined in the appended dependent claims. 

30 [0022] The method of manufacturing a joint of carbon steel pipes suitable for expansion according to the present 
invention, as shown in Fig.1, comprises: abutting carbon steel pipes (30) against each other; inserting an insert (31) 
having a melting point (Ti) lower than a melting point (Tb) of a base metal of the carbon steel pipes between joint sur- 
faces of the carbon steel pipes; heating at least a portion adjacent to the joint portion to a temperature (T) expressed 
by Ti < T < Tb; and pressurising and holding the two carbon steel pipes (30) to diffusion-weld the two carbon steel pipes 

35 to each other, wherein the insert (31) comprises an alloy having a melting point lower than 1200°C. 
[0023] The alloy preferrably is a Ni-base alloy or a Fe-base alloy.having a thickness of 80 [im. 
[0024] A joining operation is preferrably performed in a non-oxidizing atmosphere. 

[0025] The joining operation is preferrably performed under conditions that surface roughness Rmax of the joining 
surfaces of the carbon steel pipes is 20 jim or smaller. 
40 [0026] A joining temperature is preferrably in the range of 1250°C to 1 330°C. 
[0027] A duration at the joining temperature is preferrably 30 seconds or longer. 
[0028] An applied pressure is preferrably in the range of 2 MPa to 4 MPa. 

[0029] As shown in Fig. 2, according to the present invention, there is provided a method of expanding a joint of 
carbon steal pipes by using a tool (33) inserted into a joint G2) constitued by joining a plurality of carbon steel pipes, 

45 the method of expanding a joint (32) of carbon steel pipes comprising the steps of: using a joint (32) of carbon steel 
pipes incorporating joint portions each having a maximum difference in level which is not larger than 25 % of the thick- 
ness of the carbon steel pipe; and making an expansion ratio of the inner diameter of the joint of carbon steel pipes 
(inner diameter (d1) of carbon steel pipe after expansion - inner diameter (dO) of carbon steel pipe before 
expansion)/inner diameter (dO) of carbon steel pipe before expansion x 100 % ) to be 25 % or lower. 

so [0030] In the following, embodiments of the invention are illustrated with reference to the appended drawings: 

Figs. 1A and 1B are diagrams showing processes of a method of manufacturing a joint of carbon steel pipes 
according to an embodiment of the present invention; and 

Figs. 2A and 2B are diagrams showing processes of a method of expanding the joint of carbon steel pipes accord- 
55 ing to the embodiment of the present invention. 

[0031] Preferred embodiments of the present invention will now be described with reference to the drawings. Figs. 
1 A and 1B show a process of a method of manufacturing a joint of carbon steel pipes according to a first embodiment 
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of the present invention. Referring to Figs. 1 A and 1 B, the method of manufacturing a joint of carbon steel pipes accord- 
ing to the present invention has a process for joining the carbon steel pipes to one another. 

[0032] The process for joining the carbon steel pipes will now be described. As shown in Fig. 1A, the joining proc- 
ess is a process for abutting carbon steel pipes 30 each having an end surface machined to have predetermined sur- 

5 face roughness. Moreover, an insert 31 having a melting point lower than that of the carbon steel pipe 30 is inserted 
between the end surfaces. Thus, the carbon steel pipes 30 are liquid phase diffusion welded to each other. 
[0033] Fig. 1 B shows an example of a process for liquid phase diffusion welding the carbon steel pipes 30 by insert- 
ing the insert 31 between the joining surfaces of the carbon steel pipes 30. The carbon steel pipes 30 having the end 
surfaces machined to have predetermined surface roughness are held by holding units 40. Then, the insert 31 is 

10 inserted between the end surfaces of the carbon steel pipes 30, and then predetermined pressure is applied to the end 
surfaces of the carbon steel pipes 30. 

[0034] Then, the abutting portions of the carbon steel pipes 30 are brought to a non-oxidizing atmosphere 42. A 
high frequency induction heating coil 41 is operated to heat the abutting portions to a temperature higher than the melt- 
ing point of the insert 31 and lower than the melting point of the carbon steel pipe 30. The realized temperature of the 

15 abutted portions is maintained for a predetermined time so that elements contained in the insert 31 are diffused in the 
carbon steel pipes 30. Thus, a joint 32 of carbon steel pipes 30 joined firmly can efficiently be obtained. 
[0035] The thus-manufactured joint 32 of carbon steel pipes 30 is subjected to a process using a tool having an 
outer diameter larger than the inner diameter of the joint 32 of carbon steel pipes 30 to enlarge (expand) its inner diam- 
eter. Therefore, the joined portion of the joint 32 of carbon steel pipes 30 must have characteristics to endure the 

20 expanding operation. Hence it follows that the carbon steel pipes 30 must be joined to each other under appropriate 
conditions. Specifically, it is preferable that the joining process is performed under the following conditions. 
[0036] It is preferable that the insert 31 is made of a Ni alloy or a Fe alloy having a melting point lower than 1200°C. 
If the melting point of the insert 31 is 1200°C or higher, a high joining temperature is required. Therefore, there is appre- 
hension that the base metal of the carbon steel pipes 30 is molten during the joining operation. As an alternative to this, 

25 excessive deformation of the joined portion takes place. It leads to a fact that the joined portion is fractured during the 
expanding process. What is worse, non-joined portion caused from non-fusion of the insert 31 is undesirably formed. 
Incidentally, it is preferable that the insert 31 is made of a Ni alloy or a Fe alloy having a melting point higher than 
1000°C. 

[0037] It is preferable that the thickness of the insert 31 is 80 jim or smaller. If the thickness of the insert 31 is larger 
30 than 80 urn, diffusion of elements in the Joined interface becomes insufficient. Thus, the joining strength is decreased 
and the joined portion is undesirably cracked during the expanding process. Incidentally, it is preferable that the thick- 
ness of the insert 31 is 20u,m or larger. 

[0038] The shape of the insert 31 is not limited to a specific shape. An insert 31 having a thickness of 80 u.m or 
smaller and formed into a foil shape may be inserted between the joined surfaces. As an alternative to this, a powder 
35 or scale-shape insert 31 may be dispersed to the joined interface or a paste insert 31 may be applied to the interface. 
[0039] It is preferable that the surface roughness Rmax of the joined surface is 20 p,m or lower. If the surface rough- 
ness Rmax is larger than 20 p.m, the carbon steel pipes 30 cannot brought into hermetic contact with each other at the 
joined surfaces. As a result, sufficient high strength and ductility cannot be obtained in the joined portion. Moreover, the 
joined portion is undesirably cracked during the expanding process. From a viewpoint of obtaining satisfactory mechan- 
ic ical characteristics of the joined portion, it is preferable that the surface roughness Rmax is maximally reduced. Inciden- 
tally, there is no lower limitation of the surface roughness Rmax joined surface. However, it is about 3 u,m or higher from 
an industrial standpoint. 

[0040] It is preferable that the joining temperature satisfies a range from 1250°C to 1330°C. If the joining tempera- 
ture is lower than 1250°C, the insert 31 cannot completely be molten or diffusion of elements becomes insufficient. As 
45 a result, the strength and ductility of the joined portion are decreased, causing cracks of the joined portion to occur dur- 
ing the expanding process. If the joining temperature is higher than 1 330°C, the joined portion is excessively deformed. 
In some cases, the joined portion is molten, causing cracks of the joined portion to occur during the expanding process. 
More preferably, the joining temperature satisfies a range from 1280°C to 1300°C. 

[0041] It is preferable that the duration for which the joining temperature is maintained is 30 seconds or longer. If 
50 the duration is shorter than 30 seconds, diffusion of elements in the joined interface becomes insufficient. Thus, the 
strength and ductility of the joined portion are decreased, causing cracks of the joined portion to occur during the 
expanding process. The duration has no upper limit. If the foregoing temperature is maintained for a long time, a large 
cost is required. Therefore, it is preferable that the duration is 300 seconds or shorter. 

[0042] It is preferable that the pressure is not lower than 2 MPa nor higher than 4 MPa. If the pressure is lower than 
55 2 MPa, the joined surfaces cannot be brought into hermetic contact with each other. Thus, the strength and ductility of 
the joined portion are decreased, causing cracks of the joined portion to occur during the expanding process. If the 
pressure is higher than 4 MPa, the joined portion is excessively deformed. Thus, the strength and ductility of the joined 
portion are decreased, causing cracks of the joined portion to occur during the expanding process. More preferably, the 
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pressure is in a range of 2.5MPa to 3.5MPa. 

[0043] It is preferable that the joining process is performed in a non-oxidizing atmosphere. If the joining process is 
performed in an oxidizing atmosphere, the portions adjacent to the joined interface and the insert are undesirably oxi- 
dized. Thus, the strength and ductility of the joined portion are decreased, causing cracks of the joined portion to occur 
during the expanding process. For example, the non-oxidizing atmosphere is argon atmosphere, helium atmosphere, 
nitrogen atmosphere, vacuum atmosphere or the like, but is not limited to these examples. 

[0044] Heating the carbon steel pipes by a high frequency induction heating method, a high frequency direct ener- 
gizing heating method or a resistance heating method performs the joining process. In particular, each of the high fre- 
quency induction heating method and the high frequency direct energizing heating method is able to easily heat 
relatively large carbon steel pipes. Thus, high heating efficiency can be realized and the temperature can be raised to 
the required joining temperature in a considerably short time. Therefore, the foregoing methods are preferred methods 
to heat the carbon steel pipes. 

[0045] It is preferable that the frequency of high frequency electric currents for use in the high frequency induction 
heating method or the high frequency direct energizing heating method is 100 kHz or lower. If the frequency is higher 
than 1 00 kHz, only the surface is undesirably heated owing to the skin effect. Thus, uniform heating of the overall joined 
surfaces cannot be performed. 

[0046] The process for expanding the joint of carbon steel pipes will now be described. The expanding process is 
a process for expanding the joint 32 of carbon steel pipes 30 manufactured in the foregoing joining process so as to 
uniform the inner diameter of the joint 32 of carbon steel pipes 30. 

[0047] Specifically, a mandrel 33 is inserted into an end of the joint 32 of carbon steel pipes 30 each having the 
structure that the inner diameter of the non-joined portions is dO, as shown in Fig. 2A. Then, hydraulic pressure is 
applied from a rear position. Thus, as shown in Fig. 2B, the mandrel 33 is moved to another end of the joint 32 of carbon 
steel pipes 30 so as to enlarge the inner diameter of the joint 32 of carbon steel pipes 30 to d1 . In the present invention, 
the amount of the inner diameter realized after the expanding process and enlarged from the minimum inner diameter 
of the non-joined portion before the expansion is called an "expansion ratio" which is defined by the following equation. 

Expansion Ratio (%) = (d1 - dO) X 100/d0 

Where 

d1 : inner diameter of non-joined portion after expansion 
DO: inner diameter of non-joined portion before expansion 

[0048] The expansion ratio of the carbon steel pipe varies depending on the size and'shape of the carbon steel pipe 
to be expanded, the mechanical characteristics of the carbon steel pipe, the state of the inner surface of the carbon 
steel pipe and the size, shape, the state of the surface, a lubricating method and the expanding speed of the mandrel. 
The expansion ratio is 25 % to 30 % or lower. 

[0049] In general, tolerances of the outer diameter and the thickness of a carbon steel pipe manufactured as an 
industrial product are regulated. For example, a carbon steel pipe having a nominal diameter of 5B (schedule 40) of a 
hot finished seamless steel pipe of a carbon steel pipe for pressure piping (JIS G3454) regulated by Japanese Industrial 
Standards has the following tolerances. The tolerance of the outer diameter is ± 1 % (1 .40 mm) with respect to the outer 
diameter (139.8 mm). The tolerance of the thickness is + 15 % (0.99 mm) and - 12.5 % (0.83 mm) with respect to the 
thickness (6.6 mm). 

[0050] Therefore, the joined portion of the joint 32 constituted by joining the carbon steel pipes 30 which satisfy the 
foregoing dimension tolerances inevitably encounters occurrence of a discontinued shape called as the difference in the 
level as well as owing to aligning accuracy of the joined surfaces in the joining process. 

[0051] When the expanding tool passes through the joined portion in the process for expanding the joint 32 of car- 
bon steel pipes 30, the foregoing shape-discontinued portion serves as a stress concentration source. It leads to a fact 
that cracks sometimes occur in the joined portion of the joint 32 of carbon steel pipes 30. The cracks of the joined por- 
tion deteriorate the mechanical characteristics of the expanded joint 32 of carbon steel pipes 30. What is worse, fatigue 
cracks are widened starting with the cracks of the joined portion and corrosion proceeds. As a result, the corrosion pen- 
etrates the joined portion of the expanded joint 32 of carbon steel pipes 30 in the direction of the thickness of the joined 
portion. In the foregoing case, leakage of oil or gas sometimes occurs. 

[0052] When the mandrel 33 is moved by using oil pressure or hydraulic pressure to expand the joint 32 of carbon 
steel pipes 30, the joined portion is sometimes ruptured owing to hydraulic pressure starting with the cracks of the 
joined portion of the joint 32 of carbon steel pipes 30. In the foregoing case, the mandrel 33 is stopped at the ruptured 
position, causing afterward expanding process to be inhibited. If cracks occurs in the joined portion of the joint 32 of 
carbon steel pipes 30 inserted into hundreds-meter shaft and having a length of hundreds of meters, the joints of car- 
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bon steel pipes more forward than the position of the cracks are sometimes separated. In the foregoing case, continu- 
ation of the expanding operation is impossible. What is worse, a shock caused from the separation results in falling of 
the shaft. The pressurizing fluid jets out from the gap between the shaft and the expanded joint 32 of carbon steel pipes 
30. Thus, a very dangerous state is realized. In the foregoing case, the foregoing problem cannot easily be restored. If 

5 the worst happens, the oil well or the gas well must be abandoned. Thus, a great loss is produced. 

[0053] To prevent occurrence of cracks of the joined portion of the joint 32 of carbon steel pipes 30 which causes 
the foregoing destructive damage, it is preferable that the maximum difference in level of the inner and outer surfaces 
in the joined portion of the joint 32 of carbon steel pipes 30 is made to be not larger than 25 % of the rated thickness of 
the carbon steel pipes 30 which must be joined to each other. Hereinafter, the ratio (%) of the maximum difference in 

10 level of the inner and outer surfaces in the joined portion of the joint 32 of carbon steel pipes 30 with respect to the rated 
thickness of the carbon steel pipes 30 is called a "maximum difference in level". If the maximum difference in level is 
larger than 25 % of the rated thickness of the carbon steel pipes 30 which must be joined, cracks undesirably occurs in 
the joined portion of the joint 32 of carbon steel pipes 30. 

[0054] The expansion ratio of the carbon steel pipes 30 is lower than 25 % to 30 %. Since the difference in level 
15 which occurs in the joined portion of the joint 32 of carbon steel pipes 30 cannot completely be prevented, it is prefera- 
ble that the expansion ratio of the joint 32 of carbon steel pipes 30 is 25 % or lower. If the expansion ratio of the joint 32 
of carbon steel pipes 30 is higher than 25 %, cracks easily occurs in the joined portion of the joint 32 of carbon steel 
pipes 30. 

[0055] The function of the present invention will now be described. A tool having an outer diameter larger than the 
20 inner diameter of the joint of carbon steel pipes is inserted into the joint of carbon steel pipes to expand the joint of car- 
bon steel pipes. At this time, the carbon steel pipes are joined to each other under appropriate conditions so that the 
joint of carbon steel pipes arranged such that the maximum difference in the level of the joined portion is 25 % or lower 
is expanded at an expansion ratio of 25 % or lower. Thus, occurrence of defects, such as cracks of the joined portion of 
the joint of carbon steel pipes, can be prevented. Thus, an expanded joint of carbon steel pipes exhibiting excellent 
25 characteristics can be obtained. 

[0056] The appropriate conditions under which the carbon steel pipe suitable for expansion are joined to each other 
are as follows: the insert is made of a Ni-base alloy or a Fe-base alloy having a melting point < 1200°C and a thickness 
< 80 |im. Moreover, the joining operation is performed in a non-oxidizing atmosphere under conditions that surface 
roughness of the joining surfaces of the carbon steel pipes < Rmax 20 jim, 1250°C < joining temperature < 1330°C, 30 
30 s < duration at the joining temperature and 2 MPa < pressure < 4 MPa. 

[0057] When the carbon steel pipes are joined to each other under the foregoing conditions, the manufactured joint 
of carbon steel pipes is free from occurrence of defects, such as cracks during the expanding process which is per- 
formed such that the maximum difference in the level of the joined portion is 25 % or lower and the expansion ratio is 
25 % or lower. As a result, an expanded joint of carbon steel pipes exhibiting excellent characteristics can be obtained. 

35 

Example 1 

[0058] The following procedure was employed to manufacture a joint of carbon steel pipes. The carbon steel pipe 
was a carbon steel pipe for high pressure piping per Japanese Industrial Standards (JIS G3455 STS410) having an 

40 outer diameter of 1 39.8 mm and a thickness of 6.6 mm. The end surface of the carbon steel pipe was machined to have 
the surface roughness Rmax of 12 \i\r\. An insert constituted by Ni alloy foil having a composition equivalent to nickel 
brazing filler metal BNi-3 (JIS Z3265), a melting point of 1050°C and a thickness of 50 jim was inserted between the 
joined surfaces of the carbon steel pipes. The carbon steel pipes were joined in a liquid phase diffusion manner such 
that the maximum difference in the level was 5 %. 

45 [0059] The joined portion was heated by a high frequency induction heating method using a high frequency current 
having a frequency of 3 kHz. The joining conditions were such that the joining temperature was 1300°C, duration was 
60 seconds and the pressure was 3 MPa. The joining process was performed in an Ar atmosphere. The obtained joint 
of carbon steel pipes was expanded to realize an expansion ratio of 20 % by using a mandrel. 

so Examples 2 and 3 and Comparative Examples 1 and 2 

[0060] Similar conditions to those according to Example 1 were employed to manufacture and expand the joint of 
carbon steel pipes except for inserts. The inserts were copper brazing filler metal foil BCu-1 (JIS Z322 having a melting 
point of 1080°C: according to Comparative Example 1), Ni-base alloy foil (containing B by 1.5 %, having a melting point 
55 of 1250°C: Comparative Example 2), Fe-alloy foil (containing B by 3 % and Si by 3 %, having a melting point 1190°C: 
Example 2) and nickel brazing filler metal foil BNi-5 (JIS Z3265, having melting point of 1140°C: Example 3). 
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Example 4 

[0061] An insert which was Ni-base alloy foil having a composition equivalent to that of nickel brazing filler metal 
BNi-3 (JIS Z3265), a melting point of 1050°C and a thickness of 80 ^im was inserted. The other conditions were similar 
5 to those according to Example 1 so that a joint of carbon steel pipes was manufactured and expanded. 

Examples 5 and 6 

[0062] In Example 5, an insert constituted by Ni-base alloy powder having a composition equivalent to nickel braz- 
w ing filler metal BNi-3 (JIS Z3265) and a melting point of 1050°C was inserted to have a thickness of 50 ^im. In Example 
6, a scale-shape nickel brazing filler metal having the same composition as that according to Example 5 was inserted 
to realize a thickness of 50 The other conditions were similar to those according to Example 1 to manufacture and 
expand a joint of carbon steel pipes. 

15 Comparative Example 3 

[0063] In Comparative Example 3, an insert was Ni-base alloy foil having a composition equivalent to that of nickel 
brazing filler metal BNi-3 (JIS Z3265), a melting point of 1050°C and a thickness of 100 Jim was inserted. The other 
conditions were similar to those according to Example 1 so that a joint of carbon steel pipes was manufactured and 
20 expanded. 

[0064] The maximum value (hereinafter called "maximum difference in level") of difference in level occurring on the 
inner and outer surfaces of the joined portion of each of the joints of carbon steel pipes obtained in Examples 1 to 6 and 
Comparative Examples 1 to 3 after the joining operation was performed was measured. Moreover, a liquid penetrant 
examination of the surface of the joined portion realized after the expansion operation was performed to examine 
25 whether or not cracks were present. Moreover, each of the expanded joint of carbon steel pipes was subjected to a ten- 
sion test by using an Amsler type universal testing machine (200 Tonf). Results were shown in Tables 1 and 2. 



Table 1 



Test No. 


Comparative 
Example 1 


Comparative 
Example 2 


Example 1 


Example 2 


Example 3 


Carbon Steel 
Pipe 


Material 


STS410 


STS410 


STS410 


STS410 


STS410 


Outer Diame- 
ter (mm) 


139.8 


139.8 


139.8 


139.8 


139.8 


Thickness 
(mm) 


6.6 


6.6 


6.6 


6.6 


6.6 


Roughness of Joined Surface 
(Rmax \irf\) 


12 


12 


12 


12 


12 


Insert 


Material 


BCu-1 


Ni-B 


BNi-3 


Fe-Si-B 


BNi-5 


Melting 
Point(°C) 


1080 


1230 


1050 


1190 


1140 


Thickness 
ftim) 


50 


50 


50 


50 


50 


Shape 


foil 


Foil 


foil 


foil 


foil 


Joining Temperature (°C) 


1300 


1300 


1300 


1300 


1300 


Duration(s) 


60 


60 


60 


60 


60 


Pressure (MPa) 


3 


3 


3 


3 


3 


Atmosphere for Joining Opera- 
tion 


Ar 


Ar 


Ar 


Ar 


Ar 
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Table 1 (continued) 



Test No. 


Comparative 
Example 1 


Comparative 
Example 2 


Example 1 


Example 2 


Example 3 


Method of heating Joined Por- 
tion 


High fre- 
auencv 

Induction 
Heating 
Method 
(3kHz) 


High fre- 
quency 
Induction 
Heating 
Method 
(3kHz) 


High frequency 
Induction Heat- 
ing Method 
(3kHz) 


High frequency 
Indurtinn Heat- 
ing Method 
(3kHz) 


High frequency 
Induction Hpat- 
ing Method 
(3kHz) 


Maximum Difference in Level of 
Joined Portion (%) 


5 


5 


5 


5 


5 


Expansion Ratio (%) 


20 


20 


20 


20 


20 


Liquid Pene- 
trant Exami- 
nation 


Inner Surface 


Cracks 
observed 


Cracks 
observed 


no cracks 
observed 


no cracks 
observed 


no cracks 
observed 


Outer Surface 


Cracks 
observed 


Cracks 
observed 


no cracks 
observed 


no cracks 
observed 


no cracks 
observed 


Result of Ten- 
sion Test 


Tensile 
Strength 
(MPa) 


394 


457 


562 


561 


563 


Fractured 
Position 


Joined Inter- 
face 


Joined Inter- 
face 


Base metal 


Base metal 


Base metal 


Evaluation 


Poor 


Poor 


Excellent 


Excellent 


Excellent 



Table 2 



Test No. 


Example 4 


Comparative 
Example 3 


Example 5 


Example 6 


Carbon Steel 
Pipe 


Material 


STS410 


STS410 


STS410 


STS410 


Outer Diameter 
(mm) 


139.8 


139.8 


139.8 


139.8 


Thickness (mm) 


6.6 


6.6 


! 6.6 


6.6 


Roughness of Joined Surface 
(Rmax p.m) 


12 


12 


12 


12 


Insert 


Material 


BNi-3 


BNi-3 


BNi-3 


BNi-3 


Melting Point(°C) 


1050 


1050 


1050 


1050 


Thickness (jim) 


80 


100 


50 


50 


Shape 


Foil 


foil 


powder 


scale 


Joining Temperature (°C) 


1300 


1300 


1300 


1300 


Duration(s) 


60 


60 


60 


60 


Pressure (MPa) 


3 


3 


3 


3 


Atmosphere for Joining Operation 


Ar 


Ar 


Ar 


Ar 


Method of heating Joined Portion 


High frequency 
Induction Heat- 
ing Method 
(3kHz) 


High frequency 
Induction Heating 
Method (3kHz) 


High frequency 
Induction Heating 
Method (3kHz) 


High frequency 
Induction Heating 
Method (3kHz) 



EP 1 078 709 A2 



Table 2 (continued) 



lest no. 


Fvamnlf 1 4 

1 AO 1 1 1 ^ (V? *T 


Comparative 
Example 3 


Example 5 


Example 6 


Maximum Difference in Level of 
Joined Portion (%) 


5 


5 


5 


5 


Expansion Ratio (%) 


20 


20 


20 


20 


Liquid Penetrant 
Examination 


Inner Surface 


observed 


Cracks observed 


no cracks 
observed 


no cracks 
observed 


Outer Surface 


no cracks 
observed 


Prark^ nhserved 


no cracks 
observed 


no cracks 
observed 


Result of Ten- 
sion Test 


Tensile Strength 
(MPa) 


561 


409 


562 


559 


Fractured Posi- 
tion 


Base metal 


Joined Interface 


Base metal 


Base metal 


Evali 


jation 


Excellent 


Poor 


Excellent 


Excellent 



[0065] Comparative Example 1 in which the insert was copper brazing filler material foil having a melting pent of 
1080"C and a thickness of 50 urn encountered cracks opened in the inner and outer surfaces of the joined portion in 
the liquid penetrant examination performed after the expanding process. The tensile strength of the expanded joint o 
carbon steel pipes was 394 MPa. The joint of carbon steel pipes was fractured at the joined interface. When the copper 
brazing filler metal foil was employed as the insert, the mechanical characteristic of the joined interface was unsatisfac- 
tory in spite of the melting point being 1200-C or lower. It was considered that the holding of the joined interface was 
insufficient against deformation. Thus, the joined interface encountered the cracks. Thus, the tensile strength of the 
expanded joint of carbon steel pipes was decreased. 

f00661 Comparative Example 2 in which the insert was Ni-base alloy foil having a melting point of 1230°C and a 
thickness of 50 ,im encountered cracks opened in the inner and outer surfaces of the joined portion in the liquid pene- 
trant examination performed after the expanding process. The tensile strength of the expanded joint of carbon stee 
pipes was 457 MPa. The joint of carbon steel pipes was fractured at the joined interface. Although the Ni-base alloy foil 
was employed as the insert, the insert had a high melting point of 1230°C. Thus, diffusion of elements in the mo ten 
insert was insufficient to obtain satisfactory mechanical characteristics of the joined portion. It can be considered that 
the tensile strength of the expanded joint of carbon steel pipes deteriorated because the cracks were formed in the 
joined interface^ ^ ^ ^ ^ ^ ^ ^ ^ g ^ rf gnd g thjckness of 50 

urn was free from any cracks in the inner and outer surfaces of the joined portion in the liquid penetrant examination 
performed after the expanding process. The tensile strength of the expanded joint of carbon steel pipes was 562 MPa^ 
The joint of carbon steel pipes was fractured in the base metal. It was considered that the Ni-base alloy foil employed 
as the insert was completely molten. Thus, contained elements were sufficiently diffused so that satisfactory mechani- 
cal characteristics of the joined portion were obtained. Since any defects, such as the cracks, did not occur at the joined 
interface during the expanding process, the tensile strength of the expanded joint of carbon steel pipes was equivalent 
to that of the expanded base metal of the carbon steel pipe. 

[00681 Example 2 in which the insert was Fe-alloy foil having a melting point of 1 1 90°C and a thickness of 50 jim 
was free from any cracks in the inner and outer surfaces of the joined portion in the liquid penetrant examination per- 
formed after the expanding process. The tensile strength of the expanded joint of carbon steel pipes was 561 MPa. The 
joint of carbon steel pipes was fractured in the base metal. It was considered that the Fe-alloy foil employed as the insert 
was completely molten. Thus, contained elements were sufficiently diffused so that satisfactory mechanical character- 
istics of the joined portion were obtained. Since any defects, such as the cracks, did not occur at the jomed interface 
during the expanding process, the tensile strength of the expanded joint of carbon steel pipes was equivalent to that of 
the expanded base metal of the carbon steel pipe. J tu - , ~* an 

[0069] Example 3 in which the insert was Ni-base alloy foil having a melting point of 1 1 40°C and a thickness of 50 
urn was free from any cracks in the inner and outer surfaces of the joined portion in the liquid penetrant examination 
performed after the expanding process. The tensile strength of the expanded joint of carbon steel pipes was 563 MPa^ 
The joint of carbon steel pipes was fractured in the base metal. It was considered that the Ni-base alloy foil employed 
as the insert was completely molten. Thus, contained elements were sufficiently diffused so that satisfactory mechani- 
cal characteristics of the joined portion were obtained. Since any defects, such as the cracks, did not occur at the joined 
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interface during the expanding process, the tensile strength of the expanded joint of carbon steel pipes was equivalent 
to that of the expanded base metal of the carbon steel pipe. 

[0070] Example 4 in which the insert was Ni-base alloy foil having a melting point of 1050°C and a thickness of 80 
\iro was free from any cracks in the inner and outer surfaces of the joined portion in the liquid penetrant examination 

5 performed after the expanding process. The tensile strength of the expanded joint of carbon steel pipes was 561 MPa. 
The joint of carbon steel pipes was fractured in the base metal. It was considered that the Ni-base alloy foil employed 
as the insert and having the thickness of 80 jim was completely molten. Thus, contained elements were sufficiently dif- 
fused so that satisfactory mechanical characteristics of the joined portion were obtained. Since any defects, such as the 
cracks, did not occur in the joined interface during the expanding process, the tensile strength of the expanded joint of 

w carbon steel pipes was equivalent to that of the expanded base metal of the carbon steel pipe. 

[0071] Comparative Example 3 in which the insert was Ni-base alloy foil having a melting point of 1050°C and a 
thickness of 100 \m\ encountered cracks opened in the inner and outer surfaces of the joined portion. The tensile 
strength of the expanded joint of carbon steel pipes was 409 MPa. The joint of carbon steel pipes was fractured at the 
joined interface. It was considered that the diffusion of contained elements was insufficient in spite of complete melting 

15 of the Ni-base alloy foil employed as the insert and having the thickness of 100 \im. Thus, satisfactory mechanical char- 
acteristics of the joined portion were not obtained. Since the cracks were formed in the joined interface during the 
expanding process, the tensile strength of the joint of carbon steel pipes deteriorated. 

[0072] Example 5 in which the insert was Ni-base alloy powder having a melting point of 1050°C and a thickness 
of 50 \irr\ was free from any cracks in the inner and outer surfaces of the joined portion in the liquid penetrant examina- 

20 tion performed after the expanding process. The tensile strength of the expanded joint of carbon steel pipes was 562 
MPa. The joint of carbon steel pipes was fractured in the base metal. It was considered that the Ni-base alloy powder 
employed as the insert and having the thickness of 50 jim was completely molten. Thus, contained elements were suf- 
ficiently diffused so that satisfactory mechanical characteristics of the joined portion were obtained. Since any defects, 
such as the cracks, did not occur in the joined interface during the expanding process, the tensile strength of the 

25 expanded joint of carbon steel pipes was equivalent to that of the expanded base metal of the carbon steel pipe. 

[0073] Example 6 in which the insert was scale-shape Ni-base alloy having a melting point of 1050°C and a thick- 
ness of 50 jim was free from any cracks in the inner and outer surfaces of the joined portion in the liquid penetrant 
examination performed after the expanding process. The tensile strength of the expanded joint of carbon steel pipes 
was 559 MPa. The joint of carbon steel pipes was fractured in the base metal. It was considered that the scale-shape 

30 Ni-base alloy employed as the insert and having the thickness of 50 urn was completely molten. Thus, contained ele- 
ments were sufficiently diffused so that satisfactory mechanical characteristics of the joined portion were obtained. 
Since any defects, such as the cracks, did not occur at the joined interface during the expanding process, the tensile 
strength of the expanded joint of carbon steel pipes was equivalent to that of the expanded base metal of the carbon 
steel pipe. 

35 [0074] As a result, expansion of the joint of carbon steel pipes joined by using the insert which was Ni-base alloy or 
the Fe-base alloy having the melting point which was lower than 1200°C and the thickness of 80 p.m or smaller was per- 
mitted without occurrence of any defects, such as cracks, during the expanding process. The expanded joint of carbon 
steel pipes had similar mechanical characteristics to those of the expanded base metal of the carbon steel pipe. 

40 Example 7 

[0075] The following procedure was employed to manufacture a joint of carbon steel pipes. The carbon steel pipe 
was a carbon steel pipe for high pressure piping per Japanese Industrial Standards (JIS G3455 STS410) having an 
outer diameter of 1 39.8 mm and a thickness of 6.6 mm. The end surface of the carbon steel pipe was machined to have 
45 the surface roughness Rmax of 20 ^im. An insert constituted by Ni alloy foil having a composition equivalent to nickel 
brazing filler metal BNi-3 (JIS Z3265), a melting point of 1050°C and a thickness of 50 \xm was inserted between the 
joined surfaces of the carbon steel pipes. The carbon steel pipes were joined by a liquid phase diffusion manner such 
that the maximum difference in the level was 5 %. 

[0076] The joined portion was heated by a high frequency induction heating method using a high frequency current 
50 having a frequency of 3 kHz. The joining conditions were such that the joining temperature was 1300°C, duration was 
60 seconds and the pressure was 3 MPa. The joining process was performed in an Ar atmosphere. The obtained joint 
of carbon steel pipes was expanded to realize an expansion ratio of 20 % by using a mandrel. 

Comparative Example 4 

55 

[0077] Similar conditions to those according to Example 7 were employed to manufacture and expand the joint of 
carbon steel pipes except fora carbon steel pipe which had end surfaces machined to realize surface roughness Rmax 
25 jim. 
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Comparative Example 5 

[0078] Similar conditions to those according to Example 7 were employed to manufacture and expand the joint of 
carbon steel pipes except for a carbon steel pipe which had end surfaces machined to realize surface roughness Rmax 
5 50 n.m. 

[0079] The maximum difference in level occurring on the inner and outer surfaces of the joined portion of each of 
the joints of carbon steel pipes according to Example 7 and Comparative Examples 4 and 5 after the expanding process 
was performed was measured. The liquid penetrant examination of the surface of the joined portion after the expanding 
process was performed to measure presence of cracks. Tension test of each of the expanded joints of carbon steel 
10 pipes was performed by using the Amsler type universal testing machine (200 Tonf). Results were shown in Table 3. 



Table 3 



15 


Test No. 


Example 7 


Comparative Exam- 
ple 4 


Comparative Exam- 
ple 5 




Carbon Steel Pipe 


Material 


STS410 


STS410 


STS410 






Outer Diameter (mm) 


139.8 


139.8 


139.8 


20 




Thickness (mm) 


6.6 


6.6 


6.6 


Roughness of Joined Surface (Rmax jim) 


20 


25 


50 




Insert 


Material 


BNi-3 


BNi-3 


BNi-3 






Melting Point(°C) 


1050 


1050 


1050 


25 




Thickness ([irr\) 


50 


50 


50 






Shape 


foil 


Foil 


foil 




Joining Temperature (°C) 


1300 


1300 


1300 


30 


Duration(s) 


60 


60 


60 




Pressure (MPa) 


3 


3 


3 




Atmosphere for Joining Operation 


Ar 


Ar 


Ar 


35 


Method of heating Joined Portion 


High frequency 
! Induction Heating 
Method (3kHz) 


High frequency 
Induction Heating 
Method (3kHz) 


High frequency Induc- 
tion Heating Method 
(3kHz) 




Maximum Difference in Level of Joined Por- 
tion^) 


5 


5 


5 


40 


Expansion Ratio (%) 


20 


20 


20 




Liquid Penetrant 


Inner Surface 


no cracks observed 


cracks observed 


cracks observed 




Examination 


Outer Surface 


no cracks observed 


cracks observed 


cracks observed 


45 


Result of Tension 
Test 


Tensile Strength 
(MPa) 


560 


538 


372 






Fractured Position 


Base metal 


Joined Interface 


Joined Interface 




Evaluation 


Excellent 


Poor 


Poor 



50 

[0080] Example 7 in which the carbon steel pipe having the joined surfaces having the surface roughness Rmax 20 
jim was free from any cracks in the inner and outer surfaces of the joined portion in the liquid penetrant examination 
performed after the expanding process. The tensile strength of the expanded joint of carbon steel pipes was 560 MPa. 
The joint of carbon steel pipes was fractured in the base metal. It was considered that use of the carbon steel pipe hav- 
55 ing the joined surfaces, the surface roughness Rmax of which was 20 ^im, enabled the molten insert to be distributed 
to the overall joined surfaces. Moreover, elements contained in the molten insert were sufficiently diffused in the joined 
interface. Thus, the mechanical strength of the joined interface was made to be similar to that of the base metal. Since 
any defects, such as the cracks, did not occur in the joined interface during the expanding process, the tensile strength 
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of the expanded joint of carbon steel pipes was equivalent to that of the expanded base metal of the carbon steel pipe. 
[0081] Comparative Example 4 in which the carbon steel pipe having the joined surfaces having the surface rough- 
ness Rmax 25 pm encountered cracks opened in the inner and outer surfaces of the joined surfaces in the liquid pen- 
etrant examination performed after the expanding process. The tensile strength of the expanded joint of carbon steel 
5 pipes was 538 MPa. The joint of carbon steel pipes was fractured at the joined interface. It was considered that the mol- 
ten insert was not completely distributed to the ends of recesses of the insert. Thus, the mechanical characteristics of 
the joined interface was insufficient. Since cracks were formed at the joined interface during the expanding process, the 
tensile strength of the expanded joint of carbon steel pipes was lowered. 

[0082] Comparative Example 5 in which the carbon steel pipe having the joined surfaces having the surface rough- 
to ness Rmax 50 \un encountered cracks opened in the inner and outer surfaces of the joined surfaces in the liquid pen- 
etrant examination performed after the expanding process. The tensile strength of the expanded joint of carbon steel 
pipes was 372 MPa which was lower than that obtained in Comparative Example 4. It was considered that the molten 
insert was not completely distributed to the ends of recesses of the insert. Thus, the mechanical characteristics of the 
joined interface was insufficient. Since cracks were formed at the joined interface during the expanding process, the 
15 tensile strength of the expanded joint of carbon steel pipes was lowered. 

[0083] As a result, expansion of the joint of carbon steel pipes joined by using the carbon steel pipe having the 
joined surfaces, the surface roughness Rmax of which was 20 [im, was permitted without occurrence of any defects, 
such as cracks, during the expanding process. The expanded joint of carbon steel pipes had similar mechanical char- 
acteristics to those of the expanded base metal of the carbon steel pipe. 

20 

Example 8 

[0084] The following procedure was employed to manufacture a joint of carbon steel pipes. The carbon steel pipe 
was a carbon steel pipe for high pressure piping per Japanese Industrial Standards (JIS G3455 STS410) having an 

25 outer diameter of 165.2 mm and a thickness of 7.1 mm. The end surface of the carbon steel pipe was machined to have 
the surface roughness Rmax of 20 \im. An insert constituted by Ni-base alloy foil having a composition equivalent to 
nickel brazing filler metal BNi-3 (JIS Z3265), a melting point of 1050°C and a thickness of 50 ^im was inserted between 
the joined surfaces of the carbon steel pipes. The carbon steel pipes were joined by a liquid phase diffusion manner 
such that the maximum difference in the level was 5 %. 

30 [0085] The joined portion was heated by a high frequency induction heating method using a high frequency current 
having a frequency of 3 kHz. The joining conditions were such that the joining temperature was 1250°C, duration was 
30 seconds and the pressure was 3 MPa. The joining process was performed in an Ar atmosphere. The obtained joint 
of carbon steel pipes was expanded to realize an expansion ratio of 20 % by using a mandrel. 

35 Comparative Example 6 

[0086] In Comparative Example 6, similar conditions to those according to Example 8 except for the joining temper- 
ature, which was 1200°C and the duration was 300 seconds, so that a joint of carbon steel pipes was manufactured and 
expanded. 

40 

Examples 9 and 10 and Comparative Example 7 

[0087] In Examples 9 and 10 and Comparative Example 7, similar conditions to those according to Example 8 
except for the joining temperatures, which were 1300°C, 1330°C and 1350°C so that joints of carbon steel pipes were 

45 manufactured and expanded. 

[0088] The maximum value of difference in level occurring on the inner and outer surfaces of the joined portion of 
each of the joints of carbon steel pipes obtained in Examples 8 to 10 and Comparative Examples 6 and 7 after the join- 
ing operation was performed was measured. Moreover, a liquid penetrant examination of the surface of the joined por- 
tion realized after the expansion operation was performed to examine whether or not cracks were present. Moreover, 

so each of the expanded joint of carbon steel pipes was subjected to a tension test by using an Amsler type universal test- 
ing machine (200 Tonf). Results were shown in Table 4. 



55 
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Table 4 



5 


Test No. 


Comparative 
Example 6 


Example 8 


Example 9 


txampie iu 


L/Ompdi dllvt? 

Example 7 




Carbon Steel 


Material 


5TS410 


STS410 


bl b41U 


CTQ/1 1 n 
O I 04 1U 


O I o*f I U 




Pipe 


Outer Diame- 
ter (mm) 


165.2 


165.2 


165.2 


165.2 


165.2 


10 




Thickness 
(mm) 


7.1 


7.1 


"7 A 

7.1 


7 4. 


7 1 
I .1 




Roughness of Joined Surface 
(Rmax jim) 


12 


A O 

12 


12 


- a n 




ID 


Insert 


Material 


BNi-3 


BNi-3 


dm; i 


DMi Q 


RMi ^ 
DINI-O 






Melting 
Point(°C) 


1050 


a r\cr\ 

1050 




a n^n 
1UOU 


IUOU 


20 




Thickness 
(>im) 


50 


50 


50 


50 


50 






Shape 


foil 


Foil 


foil 


foil 


foil 




Joining Temperature (°C) 


1200 


1250 


1300 


1330 


1350 


25 


Duration(s) 


300 


30 


30 


30 


30 


Pressure (MPa) 


3 


3 


3 


3 


3 




Atmosphere for Joining Opera- 
tion 


Ar 


Ar 


Ar 


Ar 


Ar 


30 
35 


Method of heating Joined Por- 
tion 


Hinh fro 

nign ire- 
quency 

Induction 
Heating 
Method 
(3kHz) 


nign irequenoy 
Induction Heat- 
ing Method 
(3kHz) 


Hinh from ipnrv 
niyi I ii cLjuci luy 

Induction Heat- 
ing Method 
(3kHz) 


Hinh frpni ipnrv 

Induction Heat- 
ing Method 
(3kHz) 


Hinh frpnupnev 
Induction Heat- 
ing Method 
(3kHz) 




Maximum Difference in Level 
of Joined Portion (%) 


5 


5 


5 


0 


O 




Expansion Ratio (%) 


20 


20 


OA 

20 




on 


40 


Liquid Pene- 
trant Exami- 


Inner Surface 


cracks 
observed 


no cracks 
observed 


no cracks 
observed 


no cracks 
observed 


no cracks 
observed 




nation 


Outer Surface 


no cracks 
observed 


no cracks 
observed 


no cracks 
observed 


no cracks 
observed 


cracks 
observed 


45 


Result of Ten- 
sion Test 


Tensile 
Strength 
(MPa) 


539 


560 


563 


561 


522 


50 




Fractured 
Position 


Joined Inter- 
face 


Base metal 


Base metal 


Base metal 


Joined Inter- 
face 


Evaluation 


Poor 


Excellent 


Excellent 


Excellent 


Poor 



[0089] Comparative Example 6 in which the joining temperature was 1200°C and the duration was 300 seconds 
55 was free from cracks opened in the outer surface of the joined portion in the liquid penetrant examination performed 
after the expanding process. However, cracks opened in the inner surface of the joined portion. The tensile strength of 
the expanded joint of carbon steel pipes was 539 MPa. The joint of carbon steel pipes was fractured at the joined inter- 
face. It was considered that the joining temperature of 1200°C resulted in occurrence of the difference in the tempera- 
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ture between the inner and outer surfaces of the joined portion of the carbon steel pipe in spite of melting of the insert 
although the duration was elongated to 300 seconds. Thus, diffusion of elements in the molten insert was insufficient 
in the inner surface of the joined portion. As a result, the mechanical characteristic deteriorated. Since cracks were 
formed at the joined interface during the expanding process, the tensile strength of the expanded joint of carbon steel 
5 pipes was lowered. 

[0090] In Examples 8 to 10 in which the joining operation was performed at the joining temperatures of 1250°C, 
1300°C and 1330°C, the duration was set to be the short period of 30 seconds. Each example was free of any cracks 
opened in the inner and outer surfaces of the joined portion. The tensile strength values of the expanded joint of carbon 
steel pipes were 560 MPa, 563 MPa and 561 MPa. All of the joint of carbon steel pipes were fractured in the base met- 
10 als. Although the short duration of 30 seconds was set, the temperatures 1250°C, 1300°C and 1330°C enabled ele- 
ments in the molten insert to sufficiently be diffused. As result, satisfactory mechanical characteristics of the joined 
portion were obtained. Since any defects, such as the cracks, did not occur at the joined interface during the expanding 
process, the tensile strength of the expanded joint of carbon steel pipes was equivalent to that of the expanded base 
metal of the carbon steel pipe. 

15 [0091] In Comparative Example 7, the joining temperature was 1350°C and the duration was 30 seconds. Although 
any cracks opened in the inner surface of the joined portion was not observed in the liquid penetrant examination per- 
formed after the expanding process. Cracks were observed in the outer surface. The tensile strength of the expanded 
joint of carbon steel pipes was 522 MPa. The joint of carbon steel pipes was fractured at the joined interface. It was con- 
sidered that the joining temperature of 1350°C enabled elements in the molten insert to sufficiently be diffused. How- 

20 ever, the joined portion was overheated, causing a partial melting occurs in the outer surface which served as a stress 
concentration source. Since cracks were formed at the joined interface during the expanding process, the tensile 
strength of the expanded joint of carbon steel pipes was lowered. 

[0092] As a result, expansion of the joint of carbon steel pipes joined at the temperature not lower than 1250°C nor 
higher than 1330°C was permitted without any occurrence of defects, such as cracks, during the expanding process. 
25 Moreover, the expanded joint of carbon steel pipes had the mechanical characteristics equivalent to those of the 
expanded base metal of the carbon steel pipe. 

Comparative Example 8 

30 [0093] The following procedure was employed to manufacture a joint of carbon steel pipes. The carbon steel pipe 
was a carbon steel pipe for high pressure piping per Japanese Industrial Standards (JIS G3455 STS410) having an 
outer diameter of 165.2 mm and a thickness of 7.1 mm. The end surface of the carbon steel pipe was machined to have 
the surface roughness Rmax of 12 urn. An insert constituted by Ni-base alloy foil having a composition equivalent to 
nickel brazing filler metal BNi-3 (JIS Z3265), a melting point of 1050°C and a thickness of 50 p,m was inserted between 

35 the joined surfaces of the carbon steel pipes. The carbon steel pipes were joined by a liquid phase diffusion manner 
such that the maximum difference in the level was 5 %. 

[0094] The joined portion was heated by a high frequency induction heating method using a high frequency current 
having a frequency of 3 kHz. The joining conditions were such that the joining temperature was 1330°C, duration was 
10 seconds and the pressure was 4 MPa. The joining process was performed in an Ar atmosphere. The obtained joint 
40 of carbon steel pipes was expanded to realize an expansion ratio of 20 % by using a mandrel. 

Example 1 1 

[0095] In Example 1 1 , similar conditions to those according to Comparative Example 8 were employed to manufac- 
45 ture and expand the joint of carbon steel pipes except for the joining temperature of 1250°C, the duration of 30 seconds 
and the pressure of 3 MPa. 

[0096] The maximum value of difference in level occurring on the inner and outer surfaces of the joined portion of 
each of the joints of carbon steel pipes obtained in Comparative Example 8 and Example 1 1 after the joining operation 
was performed was measured. Moreover, a liquid penetrant examination of the surface of the joined portion realized 
so after the expansion operation was performed to examine whether or not cracks were present. Moreover, each of the 
expanded joint of carbon steel pipes was subjected to a tension test by using an Amsler type universal testing machine 
(200 Tonf). Results were shown in Table 5. 



55 
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Table 5 



Test No. 


Comparative Example 8 


Example 1 1 


Carbon Steel Pipe 


Material 


STS410 


STS410 


Outer Diameter (mm) 


165.2 


165.2 


Thickness (mm) 


7.1 


7.1 


Roughness of Joined Surface (Rmax jim) 


12 


12 


Insert 


Material 


BNi-3 


BNi-3 


Melting Point(°C) 


1050 


1050 


Thickness (u,m) 


50 


50 


Shape 


Foil 


foil 


Joining Temperature (°C) 


1330 


1250 


Duration(s) 


15 


30 


Pressure (MPa) 


4 


3 


Atmosphere for Joining Operation 


Ar 


Ar 


Method of heating Joined Portion 


High frequency Induction 
Heating Method (3kHz) 


High frequency Induction 
Heating Method (3kHz) 


Maximum Difference in Level of Joined Portion (%) 


5 


5 


Expansion Ratio (%) 


20 


20 


Liquid Penetrant Examina- 
tion 


Inner Surface 


cracks observed 


no cracks observed 


Outer Surface 


cracks observed 


no cracks observed 


Result of Tension Test 


Tensile Strength (MPa) 


427 


558 


Fractured Position 


Joined interface 


Base metal 


Evaluation 


Poor 


Excellent 



[0097] Comparative Example 8 in which the joining temperature was 1 330°C, the duration was 1 5 seconds and the 
pressure was 4 MPa encountered cracks opened in the inner and outer surfaces of the joined portion in the liquid pen- 
etrant examination performed after the expanding process. The tensile strength of the expanded joint of carbon steel 

40 pipes was 427 MPa. The joint of carbon steel pipes was fractured at the joined interface. Although the joining tempera- 
ture and the pressure were raised to 1330°C and 4 Mpa, the short duration of 15 seconds resulted in insufficient diffu- 
sion of elements in the molten insert. As a result, satisfactory mechanical characteristics of the joined portion were not 
obtained. Since the cracks were formed at the joined interface during the expanding process, the tensile strength of the 
expanded joint of carbon steel pipes was decreased. 

45 [0098] Example 11 in which the joining temperature was 1250°C, the duration was 30 seconds and the pressure 
was 2 MPa was free from any cracks in the inner and outer surfaces of the joined portion in the liquid penetrant exam- 
ination performed after the expanding process. The tensile strength of the expanded joint of carbon steel pipes was 558 
MPa. Although the low joining temperature and pressure of 1250°C and 2 MPa were employed, the duration of 30 sec- 
onds enabled elements in the molten insert to sufficiently be diffused. Thus, satisfactory mechanical characteristics of 

so the joined portion were obtained. Since any defects, such as the cracks, did not occur at the joined interface during the 
expanding process, the tensile strength of the expanded joint of carbon steel pipes was equivalent to that of the 
expanded base metal of the carbon steel pipe. 

[0099] As a result, expansion of the joint of carbon steel pipes joined such that the duration at the joining tempera- 
ture was 30 seconds or longer was permitted without occurrence of defects, such as cracks, during the expanding proc- 
55 ess. Moreover, the expanded joint of carbon steel pipes had similar mechanical characteristic to those of the expanded 
base metal of the carbon steel pipe. 
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Comparative Example 9 

[0100] The following procedure was employed to manufacture a joint of carbon steel pipes. The carbon steel pipe 
was a carbon steel pipe for high pressure piping per Japanese Industrial Standards (JIS G3455 STS410) having an 

5 outer diameter of 165.2 mm and a thickness of 7.1 mm. The end surface of the carbon steel pipe was machined to have 
the surface roughness Rmax of 12 u.m. An insert constituted by Ni-base alloy foil having a composition equivalent to 
nickel brazing filler metal BNi-3 (JIS Z3265), a melting point of 1050°C and a thickness of 50 u.m was inserted between 
the joined surfaces of the carbon steel pipes. The carbon steel pipes were joined by a liquid phase diffusion manner 
such that the maximum difference in the level was 5 %. 

10 [0101] The joined portion was heated by a high frequency induction heating method using a high frequency current 
having a frequency of 3 kHz. The joining conditions were such that the joining temperature was 1330°C, duration was 
300 seconds and the pressure was 1 MPa. The joining process was performed in an Ar atmosphere. The obtained joint 
of carbon steel pipes was expanded to realize an expansion ratio of 20 % by using a mandrel. 

15 Examples 12 and 13 and Comparative Example 10 

[0102] In Examples 12 and 13 and Comparative Example 10, similar conditions to those according to Comparative 
Example 9 were employed to manufacture and expand the joint of carbon steel pipes except for the following parame- 
ters: the joining temperature was 1250°C, the duration was 30 seconds and the pressure was 2 MPa in Example 12; 
20 the joining temperature was 1 300°C, the duration was 60 seconds and the pressure was 4 MPa in Example 1 3; and the 
joining temperature was 1330°C, the duration was 30 seconds and the pressure was 5 MPa in Comparative Example 
10. 

[0103] The maximum value of difference in level occurring on the inner and outer surfaces of the joined portion of 
each of the joints of carbon steel pipes obtained in Comparative Example 9, Examples 12 and 13 and Comparative 
25 Example 10 after the joining operation was performed was measured. Moreover, a liquid penetrant examination of the 
surface of the joined portion realized after the expansion operation was performed to examine whether or not cracks 
were present. Moreover, each of the expanded joint of carbon steel pipes was subjected to a tension test by using an 
Amsler type universal testing machine (200 Tonf). Results were shown in Table 6. 

30 

Table 6 



Test No. 


Comparative 
Example 9 


Example 12 


Example 13 


Comparative 
Example 10 


Carbon Steel 
Pipe 


Material 


STS410 


STS410 


STS410 


STS410 


Outer Diameter 
(mm) 


165.2 


165.2 


165.2 


165.2 


Thickness (mm) 


7.1 


7.1 


7.1 


7.1 


Roughness of Joined Surface 
(Rmax pm) 


12 


12 


12 


12 


Insert 


Material 


BNi-3 


BNi-3 


BNi-3 


BNi-3 


Melting Point(°C) 


1050 


1050 


1050 


1050 


Thickness (ujti) 


50 


50 


50 


50 


Shape 


foil 


foil 


foil 


foil 


Joining Temperature (°C) 


1330 


1250 


1300 


1330 


Duration(s) 


300 


30 


60 


30 


Pressure (MPa) 


1 


2 


4 


5 


Atmosphere for Joining Operation 


Ar 


Ar 


Ar 


Ar 


Method of heating Joined Portion 


High frequency 
Induction Heat- 
ing Method 
(3kHz) 


High frequency 
Induction Heating 
Method (3kHz) 


High frequency 
Induction Heating 
Method (3kHz) 


High frequency 
Induction Heating 
Method (3kHz) 
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Table 6 (continued) 



10 



15 



Tpcf Mn 


Comrjarative 
Example 9 


Example 12 


Example 13 


Comparative 
Example 10 


Maximum Difference in Level of 
Joined Portion (%) 


5 


5 


5 


5 


Expansion Ratio (%) 


20 


20 


20 


20 


Liquid Penetrant 
Examination 


Inner Surface 


cracks observed 


no cracks 
observed 


no cracks 
observed 


cracks observed 


Outer Surface 


cracks observed 


no cracks 
observed 


no cracks 
observed 


cracks observed 


Result of Ten- 
sion Test 


Tensile Strength 
(MPa) 


384 


561 


563 


439 


Fractured Posi- 
tion 


Joined interface 


Base metal 


Base metal 


Joined interface 


Evaluation 


Poor 


Excellent 


Excellent 


Poor 



[0104] Comparative Example 9 in which the joining temperature was 1330°C, the duration was 300 seconds and 
the pressure was 1 MPa encountered cracks opened in the inner and outer surfaces of the joined portion in the liquid 
penetrant examination performed after the expanding process. The tensile strength of the expanded joint of carbon 
steel pipes was 384 MPa. The joint of carbon steel pipes was fractured at the joined interface. Although the joining tem- 
perature was raised to 1330°C and the duration was elongated to 300 seconds, the low pressure of 1 MPa encountered 
a fact that the molten insert was impossible to sufficiently cover the pits and projections of the joined surfaces. As a 
result, satisfactory mechanical characteristics of the joined portion were not obtained. Thus, the joined interface was 
impossible to endure deformation caused from the expanding operation. Since the cracks were formed at the joined 
interface during the expanding process, the tensile strength of the expanded joint of carbon steel pipes was decreased. 
[0105] Example 12 in which the joining temperature was 1250°C, the duration was 30 seconds and the pressure 
was 2 MPa and Example 13 in which the joining temperature was 1300°C, the duration was 60 seconds and the pres- 
sure was 4 MPa were free from any cracks in the inner and outer surfaces of the joined portion in the liquid penetrant 
examination performed after the expanding process. The tensile strength values of the expanded joint of carbon steel 
pipes were 561 MPa and 563 MPa, respectively. Both of the joints of carbon steel pipes were fractured in the base met- 
als. Since the pressure was set to be 2 MPa to 4 MPa, the molten insert was able to sufficiently cover the pits and pro- 
jections of the joined surfaces and diffusion of the insert was permitted. Thus, satisfactory mechanical characteristics 
of the joined portion were obtained. Since any defects, such as the cracks, did not occur in. the joined interface during 
the expanding process, the tensile strength of the expanded joint of carbon steel pipes was equivalent to that of the 
expanded base metal of the carbon steel pipe. 

[0106] Comparative Example 10 in which the joining temperature was 1330°C, the duration was 30 seconds and 
the pressure was 5 MPa encountered cracks opened in the inner and outer surfaces of the joined portion in the liquid 
penetrant examination performed after the expanding process. The tensile strength of the expanded joint of carbon 
steel pipes was 439 MPa. The joint of carbon steel pipes was fractured at the joined interface. Since the excessive pres- 
sure of 5 MPa caused the joined portion to excessively be deformed, the foregoing portion served as the stress con- 
centration source. Since the cracks were formed at the joined interface during the expanding process, the tensile 
strength of the expanded joint of carbon steel pipes was decreased. 

[0107] As a result, expansion of the joint of carbon steel pipes joined such that the pressure was 2 MPa to 4 MPa 
was permitted without occurrence of defects, such as cracks, during the expanding process. Moreover, the expanded 
joint of carbon steel pipes had similar mechanical characteristic to those of the expanded base metal of the carbon steel 
pipe. 

Comparative Example 11 

[0108] The following procedure was employed to manufacture a joint of carbon steel pipes. The carbon steel pipe 
55 was a carbon steel pipe for high pressure piping per Japanese Industrial Standards (JIS G3455 STS410) having an 
outer diameter of 1 65.2 mm and a thickness of 7.1 mm. The end surface of the carbon steel pipe was machined to have 
the surface roughness Rmax of 12 jim. An insert constituted by Ni-base alloy foil having a composition equivalent to 
nickel brazing filler metal BNi-3 (JIS Z3265), a melting point of 1050°C and a thickness of 50 fim was inserted between 
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the joined surfaces of the carbon steel pipes. The carbon steel pipes were joined by a liquid phase diffusion manner 
such that the maximum difference in the level was 5 %. 

[0109] The joined portion was heated by a high frequency induction heating method using a high frequency current 
having a frequency of 3 kHz. The joining conditions were such that the joining temperature was 1300°C, duration was 
5 60 seconds and the pressure was 3 MPa. The joining process was performed in the atmospheric air. The obtained joint 
of carbon steel pipes was expanded to realize an expansion ratio of 20 % by using a mandrel. 

Examples 14 and 15 

w [0110] In Examples 14 and 15, similar conditions to those according to Comparative Example 11 were employed to 
manufacture and expand the joint of carbon steel pipes except for the atmospheres for the joining operations which 
were He and vacuum (< 10" 3 mmHg), respectively. 

[0111] The maximum value of difference in level occurring on the inner and outer surfaces of the joined portion of 
each of the joints of carbon steel pipes obtained in Comparative Example 11 and Examples 14 and 15 after the joining 
15 operation was performed was measured. Moreover, a liquid penetrant examination of the surface of the joined portion 
realized after the expansion operation was performed to examine whether or not cracks were present. Moreover, each 
of the expanded joint of carbon steel pipes was subjected to a tension test by using an Amsler type universal testing 
machine (200 Tonf). Results were shown in Table 7. 



20 

Table 7 





Test No. 


Comparative Exam- 
ple 11 


Example 14 


Example 15 


25 


Carbon Steel Pipe 


Material 


STS410 


STS410 


STS410 






Outer Diameter (mm) 


165.2 


165.2 


165.2 






Thickness (mm) 


7.1 


7.1 


7.1 


30 


Roughness of Joined Surface (Rmax jim) 


12 


12 


12 


Insert 


Material 


BNi-3 


BNi-3 


BNi-3 






Melting Point(°C) 


1050 


1050 


1050 






Thickness (\irr\) 


50 


50 


50 


35 




Shape 


foil 


foil 


foil 




Joining Temperature (°C) 


1300 


1300 


1300 




Duration(s) 


60 


60 


60 


40 


Pressure (MPa) 


3 


3 


3 


Atmosphere for Joining Operation 


atmospheric air 


He 


vacuum 


45 


Method of heating Joined Portion 


High frequency 
Induction Heating 
Method (3kHz) 


High frequency 
Induction Heating 
Method (3kHz) 


High frequency Induc- 
tion Heating Method 
(3kHz) 


Maximum Difference in Level of Joined Por- 
tion (%) 


5 


5 


5 




Expansion Ratio (%) 


20 


20 


20 


50 


Liquid Penetrant 
Examination 


Inner Surface 


cracks observed 


no cracks observed 


no cracks observed 


Outer Surface 


cracks observed 


no cracks observed 


no cracks observed 




Result of Tension 
Test 


Tensile Strength 
(MPa) 


311 


560 


564 


55 




Fractured Position 


Joined interface 


Base metal 


Base metal 




Evaluation 


Poor 


Excellent 


Excellent i 
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[0112] Comparative Example 1 1 in which the joining operation was performed in the atmospheric air encountered 
cracks opened in the inner and outer surfaces of the joined portion in the liquid penetrant examination performed after 
the expanding process. The tensile strength of the expanded joint of carbon steel pipes was 31 1 MPa. The joint of car- 
bon steel pipes was fractured at the joined interface. Since the joining operation was performed in the atmospheric air, 
5 oxides were formed in the joined interface. As a result, satisfactory mechanical characteristics of the joined portion were 
not obtained. Thus, the joined interface was impossible to endure deformation caused from the expanding operation. 
Since the cracks were formed at the joined interface during the expanding process, the tensile strength of the expanded 
joint of carbon steel pipes was decreased. 

[0113] Example 14 in which the atmosphere for the joining operation was He and Example 15 in which the atmos- 
w phere for the joining operation was vacuum were free from any cracks in the inner and outer surfaces of the joined por- 
tion in the liquid penetrant examination performed after the expanding process. The tensile strength values of the 
expanded joint of carbon steel pipes were 560 MPa and 564 MPa. Both of the joints of carbon steel pipes were fractured 
in the base metals. Since any oxide which exerts an adverse influence on the diffusion of elements in the molten insert 
was not formed at the joined interface, satisfactory mechanical characteristics of the joined portion were obtained. 
15 Since any defects, such as the cracks, did not occur at the joined interface during the expanding process, the tensile 
strength of the expanded joint of carbon steel pipes was equivalent to that of the expanded base metal of the carbon 
steel pipe. 

[01 14] As a result, expansion of the joint of carbon steel pipes joined such that the atmosphere for the joining oper- 
ation was a non-oxidizing atmosphere was permitted without occurrence of defects, such as cracks, during the expand- 
20 ing process. Moreover, the expanded joint of carbon steel pipes had similar mechanical characteristic to those of the 
expanded base metal of the carbon steel pipe. 

Comparative Example 12 

25 [0115] The following procedure was employed to manufacture a joint of carbon steel pipes. The carbon steel pipe 
was a carbon steel pipe for high pressure piping per Japanese Industrial Standards (JIS G3455 STS410) having an 
outer diameter of 165.2 mm and a thickness of 7.1 mm. The end surface of the carbon steel pipe was machined to have 
the surface roughness Rmax of 12 p.m. An insert constituted by Ni-base alloy foil having a composition equivalent to 
nickel brazing filler metal BNi-3 (JIS Z3265), a melting point of 1050°C and a thickness of 50 (im was inserted between 

30 the joined surfaces of the carbon steel pipes. The carbon steel pipes were joined by a liquid phase diffusion manner 
such that the maximum difference in the level was 5 %. 

[01 16] The joined portion was heated by a high frequency induction heating method using a high frequency current 
having a frequency of 200 kHz. The joining conditions were such that the joining temperature was 1 300°C, duration was 
60 seconds and the pressure was 3 MPa. The joining process was performed in an Ar atmosphere. The obtained joint 
35 of carbon steel pipes was expanded to realize an expansion ratio of 20 % by using a mandrel. 

Examples 16 and 17 

[0117] In Examples 16 and 17, similar conditions to those according to Comparative Example 12 were employed to 
40 manufacture and expand the joint of carbon steel pipes except for the following parameters: a high frequency induction 
heating method using a frequency of 100 kHz and a high frequency energization heating method using a frequency of 
25 kHz, respectively. The maximum value of difference in level occurring on the inner and outer surfaces of the joined 
portion of each of the joints of carbon steel pipes obtained in Comparative Example 12 and Examples 16 and 17 after 
the joining operation was performed was measured. Moreover, a liquid penetrant examination of the surface of the 
45 joined portion realized after the expansion operation was performed to examine whether or not cracks were present. 
Moreover, each of the expanded joint of carbon steel pipes was subjected to a tension test by using an Amsler type uni- 
versal testing machine (200 Tonf). Results were shown in Table 8. 



Table 8 



Test No. 


Comparative Exam- 
ple 12 


Example 16 


Example 17 


Carbon Steel Pipe 


Material 


STS410 


STS410 


STS410 


Outer Diameter (mm) 


165.2 


165.2 


165.2 


Thickness (mm) 


7.1 


7.1 


7.1 
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Table 8 (continued) 



Test No. 


LfOmparauve txam- 
pie 12 


Example 16 


example 17 


Roughness of Joined Surface (Rmax ^m) 


12 


12 


12 


Insert 


Material 


BNi-3 


BNi-3 


BNi-3 


Melting Point(°C) 


1050 


1050 


1050 1 


Thickness 


50 


50 


50 


Shape 


foil 


foil 


foil 


Joining Temperature (°C) 


1300 


1300 


1300 


Duration(s) 


60 


60 


60 


Pressure (MPa) 


3 


3 


3 


Atmosphere for Joining Operation 


Ar 


Ar 


Ar 


Method of heating Joined Portion 


High frequency 
Induction Heating 
Meinoa (zuuKnz) 


High frequency Induc- 
tion Heating Method 

(lUUKHZ) 


High frequency 
Induction Heating 
Method (25kHz) 


Maximum Difference in Level of Joined Por- 
tion (%) 


0 


c 
O 


5 


Expansion Ratio (%) 


20 


20 


20 


Liquid Penetrant 
Examination 


Inner Surface 


cracks observed 


no cracks observed 


no cracks observed 


Outer Surface 


cracks observed 


no cracks observed 


no cracks observed 


Result of Tension 
Test 


Tensile Strength 
(MPa) 




ssq 


DO I 


Fractured Position 


Joined interface 


Base metal 


Base metal 


Evaluation 


Poor 


Excellent 


Excellent 



35 [011 8] Comparative Example 1 2 in which the joining operation was performed by the high frequency induction heat- 
ing method using the frequency of 200 kHz encountered cracks opened in the inner and outer surfaces of the joined 
portion in the liquid penetrant examination performed after the expanding process. The tensile strength of the expanded 
joint of carbon steel pipes was 337 MPa. The joint of carbon steel pipes was fractured at the joined interface. Since the 
joining operation was performed by the high frequency induction heating method using the high frequency of 200 kHz, 

40 the difference in the temperature occurred between the inner and outer surfaces of the joined portion owing to a skin 
effect. As a result, satisfactory mechanical characteristics of the joined portion were not obtained. Thus, the joined inter- 
face was impossible to endure deformation caused from the expanding operation. Since the cracks were formed at the 
joined interface during the expanding process, the tensile strength of the expanded joint of carbon steel pipes was 
decreased. 

45 [0119] In Example 15, the joining operation was performed by the high frequency induction heating method using 
the frequency of 100 kHz. In Example 16, the joining operation was performed by the high frequency induction heating 
method using the frequency of 25 kHz. Examples 15 and 16 were free from any cracks in the inner and outer surfaces 
of the joined portion in the liquid penetrant examination performed after the expanding process. The tensile strength val- 
ues of the expanded joint of carbon steel pipes were 559 MPa and 561 MPa. Both of the joints of carbon steel pipes 

so were fractured in the base metals. Since the high frequency induction heating method or the high frequency energiza- 
tion heating method using the frequency of 100 kHz or lower was employed to perform the joining operation, an adverse 
influence of the skin effect was prevented. Thus, satisfactory mechanical characteristics of the joined portion were 
obtained. Since any defects, such as the cracks, did not occur in the joined interface during the expanding process, the 
tensile strength of the expanded joint of carbon steel pipes was equivalent to that of the expanded base metal of the 

55 carbon steel pipe. 

[0120] As a result, expansion of the joint of carbon steel pipes joined such that high frequency induction heating 
method or the high frequency energization heating method using the frequency of 1 00 kHz or lower was employed was 
permitted without occurrence of defects, such as cracks, during the expanding process. Moreover, the expanded joint 
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of carbon steel pipes had similar mechanical characteristic to those of the expanded base metal of the carbon steel 
pipe. 

Comparative Example 13 

5 

[0121] The following procedure was employed to manufacture a joint of carbon steel pipes. The carbon steel pipe 
was a carbon steel pipe for high pressure piping per Japanese Industrial Standards (JIS G3455 STS410) having an 
outer diameter of 165.2 mm and a thickness of 7.1 mm. The end surface of the carbon steel pipe was machined to have 
the surface roughness Rmax of 12 An insert constituted by Ni-base alloy foil having a composition equivalent to 
w nickel brazing filler metal BNi-3 (JIS Z3265), a melting point of 1050°C and a thickness of 50 n,m was inserted between 
the joined surfaces of the carbon steel pipes. The carbon steel pipes were joined by a liquid phase diffusion manner 
such that the maximum difference in the level was 30 %. 

[0122] The joined portion was heated by a high frequency induction heating method using a high frequency current 
having a frequency of 3 kHz. The joining conditions were such that the joining temperature was 1300°C, duration was 
15 30 seconds and the pressure was 3 MPa. The joining process was performed in an Ar atmosphere. The obtained joint 
of carbon steel pipes was expanded to realize an expansion ratio of 25 % by using a mandrel. 

Examples 18 and 19 

20 [0123] In Examples 18 and 19, similar conditions to those according to Comparative Example 13 were employed to 
manufacture and expand the joint of carbon steel pipes except for the maximum differences in the level which were 25 
% and 10 %, respectively. 

Comparative Example 14 

25 

[0124] In Comparative Example 14, similar conditions to those according to Comparative Example 13 were 
employed to manufacture and expand the joint of carbon steel pipes except for the maximum difference in the level 
which was 5 % and the expansion ratio which was 30 %. 

[0125] The liquid penetrant examination of the surface of the joined portion of the joints of carbon steel pipes 
30 according to Examples 18 and 19 and Comparative Examples 13 and 14 realized after the expansion operation was 
performed to examine whether or not cracks were present. Moreover, each of the expanded joint of carbon steel pipes 
was subjected to a tension test by using an Amsler type universal testing machine (200 Tonf). Results were shown in 
Table 9. 

35 

Table 9 



Test No. 


Comparative 
Example 13 


Example 18 


Example 19 


Comparative 
Example 14 


Carbon Steel 
Pipe 


Material 


STS410 


STS410 


STS410 


STS410 


Outer Diameter 
(mm) 


165.2 


165.2 


165.2 


165.2 


Thickness (mm) 


7.1 


7.1 


7.1 


7.1 


Roughness of Joined Surface 
(Rmax \i\r\) 


12 


12 


12 


12 


Insert 


Material 


BNi-3 


BNi-3 


BNi-3 


BNi-3 


Melting Point(°C) 


1050 


1050 


1050 


1050 


Thickness 


50 


50 


50 


50 


Shape 


foil 


Foil 


foil 


Foil 


Joining Temperature (°C) 


1300 


1300 


1300 


1300 


Duration(s) 


60 


60 


60 


60 


Pressure (MPa) 


3 


3 


3 


3 


Atmosphere for Joining Operation 


Ar 


Ar 


Ar 


Ar 
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Table 9 (continued) 



Test No. 


Comparative 
Example 13 


Example 18 


Example 19 


Comparative 
Example 14 


Method of heating Joined Portion 


High frequency 
Induction Heat- 
ing Method 


High frequency 
Induction Heating 
Method (3kHz) 


High frequency 
Induction Heating 
Method (3kHz) 


High frequency 
Induction Hesting 
Method (3kHz) 


Maximum Difference in Level of 
Joined Portion (%) 


30 


25 


10 


5 


Expansion Ratio (%) 


25 


25 


25 


30 


Liquid Penetrant 
Examination 


Inner Surface 


separated at the 
joined interface 


no cracks 
observed 


no cracks 
observed 


Cracks observed 


Outer Surface 


no cracks 
observed 


no cracks 
observed 


no cracks 
observed 


Result of Ten- 
sion Test 


Tensile Strength 
(MPa) 


- 


559 


561 


521 


Fractured Posi- 
tion 




Base metal 


Base metal 


Joint Interface 


Evaluation 


Poor 


Excellent 


Excellent 


Poor 



25 

[0126] Comparative Example 13 in which the maximum difference in level was 30 % and the expansion ratio was 
25 % encountered separation of the joint of carbon steel pipes from the joined interface during the expanding operation. 
Therefore, the tension test of the expanded joint of carbon steel pipes was impossible. 

[0127] Examples 1 8 and 19 in which the maximum differences in level were 25 % and 10 % and the expansion ratio 
30 was 25 % were free from any cracks in the inner and outer surfaces of the joined portion in the liquid penetrant exami- 
nation performed after the expanding process. The tensile strength values of the expanded joint of carbon steel pipes 
were 559 MPa and 561 Mpa, respectively. Both of the joints of carbon steel pipes were fractured in the base metals. 
Although concentration of stress occurred owing to the difference in level of the joined interface, the expansion ratio of 
25 % did not cause cracks to be formed during the expanding operation. Thus, the expanded joint of carbon steel pipes 
35 had similar mechanical characteristic to those of the expanded base metal of the carbon steel pipe. 

[0128] Comparative Example 14 in which the expanding operation was performed such that the maximum differ- 
ence in level was 5 % and the expansion ratio was 30 % encountered cracks opened in the inner and outer surfaces of 
the joined portion in the liquid penetrant examination performed after the expanding process. The tensile strength of the 
expanded joint of carbon steel pipes was 521 MPa. The joint of carbon steel pipes was fractured at the joined interface. 
40 Since the expansion ratio was a large ratio of 30 % in spite of the small value of the maximum difference in level of the 
joined surfaces of 5 %, cracks occurred owing to concentration of stress during the expanding operation. It leads to a 
fact that the tensile strength of the expanded joint of carbon steel pipes deteriorated. 

[0129] As a result, expansion of the joint of carbon steel pipes joined such that the joining operation was performed 
by making the maximum difference in level to be 25 % or lower and the expansion ratio to be 25 % or lower was permit- 

45 ted without occurrence of defects, such as cracks, during the expanding process. Moreover, the expanded joint of car- 
bon steel pipes had similar mechanical characteristic to those of the expanded base metal of the carbon steel pipe. 
[0130] In the present invention, the insert is the Ni-base alloy or the Fe-base alloy having the melting point which is 
lower than 1200°C and a thickness of 80 \irr\ or smaller. The carbon steel pipes are abutted against each other in the 
non-oxidizing atmosphere under conditions that the surface roughness Rmax of the joined surfaces of the carbon steel 

so pipes is 20 p.m or smaller, the joining temperature is not lower than 1250°C nor higher than 1330°C, the duration at the 
joining temperature is 30 seconds or higher and the pressure is not lower than 2 MPa nor higher than 4 MPa. Thus, an 
effect can be obtained in that the joint of carbon steel pipes having the satisfactory mechanical characteristic equivalent 
to those of the base metal of the carbon steel pipe and free from occurrence of defects, such as cracks, during the 
expanding process can be obtained within a range that the maximum difference in level is not larger than 25 % of the 

55 thickness of the carbon steel pipe and the expansion ratio is 25 % or lower. 

[0131] As described above, the method of manufacturing the joint of carbon steel pipes and the expanding method 
according to the present invention enables the joint of carbon steel pipes to be expanded without occurrence of defects, 
such as cracks of the joined portion. Thus, the joint of carbon steel pipes can be obtained which exhibits satisfactory 



EP 1 078 709 A2 



mechanical characteristics after the expanding operation has been performed. When the joint of carbon steel pipes 
according to the present invention is applied to a casing tube, a production tube or a coiled tube for use in an oil well or 
a gas well, the cost of petroleum or gas drilling operation can significantly be reduced. Thus, the present invention per- 
mits a great industrial effect to be obtained. 

5 

Claims 

1. A method for manufacturing a joint of carbon steel pipes suitable for expansion, comprising the steps of: 

10 abutting carbon steel pipes (30) against each other; 

inserting an insert (31 ) having a melting point (Ti) lower than a melting point (Tb) of a base metal of said carbon 
steel pipes (30) in between joint surfaces of said carbon steel pipes (30); 

15 heating at least a portion adjacent to said joint portion to a temperature (T) expressed by Ti < T < Tb; and 

pressurising and holding said two carbon steel pipes (30) to diffusion-weld said two carbon steel pipes (30) to 
each other; 

wherein said insert (31) comprises a Ni-base alloy or a Fe-base alloy having a melting point lower than 1200°C 
20 and a thickness of 80 p,m or smaller, and a joining operation is performed in a non-oxidizing atmosphere under 

conditions that a surface roughness (Rmax) of said joining surfaces of said carbon steal pipes is 20 u,m or 
smaller, a joining temperature is in the range of 1250°C to 1330°C, a duration at said joining temperature is 30 
seconds or longer and an applied pressure is in the range of 2 MPa to 4 MPa. 

25 2. The method for manufacturing a joint of carbon steel pipes according to claim 1 , wherein the heating step of a joint 
portion is performed by a high frequency induction heating method or a high frequency energization heating 
method using a high frequency current having a frequency not higher than 100 kH z. 

3. The method for manufacturing a joint of carbon steel pipes according to claim 1 , wherein a maximum difference in 
30 level of said joint portion is not larger than 25% of the thickness of said carbon steel pipe. 

4. The method for manufacturing a joint of carbon steel pipes according to claim 1, wherein duration at said joining 
temperature is 300 second or shorter. 

35 5. A method for expanding a joint of carbon steel pipes by using a tool inserted into a joint constituted by joining a plu- 
rality of carbon steel pipes, said method comprising 

using a joint of carbon steel pipes incorporating joint portions each having a maximum difference in level which 
is not larger than 25 % of the thickness of said carbon steel pipe; and 

40 

making an expansion ratio of the inner diameter of said joint of carbon steel pipes (inner diameter of 
carbon steel pipe after expansion - inner diameter of carbon steel pipe before 
expansion)/inner diameter of carbon steelpipe before expansion 100% ) to be 25% or lower. 

45 



50 



55 
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The Search Division considers that the present European patent application doe's not comply with the 
mffS^ unity of invention and relates to several inventions or groups of inventions, namely: 



1. Claims: 1-4 



A method for manufacturing a joint of carbon steel pipes 
comprisng the steps of : 

abutting carbon steel pipes against each other; 
inserting an insert having a melting point (Ti) lower than a 
melting point (Tb) of a base metalof said carbon steel 
pipes in between joint surfaces of said carbon steel pipes; 
heating at least a portion adjacent to said joint portion to 
a temperature (T) expressed by Ti < T < Tb; and 
pressurising and holding said two carbon steel pipes to 
diffusion-weld said two carbon steel pipes to each other; 
wherein said insert comprises a Ni-base alloy or a Fe-base 
alloy having a melting point lower than 12G0 C and a 
thickness of 80 m or small er> and a joining operation is : 
performed in a non-oxidizing atmosphere under conditions 
that a surface roughness (Rmax) of said joining surfaces of 
said carbon steal pipes is 20 m or small er, a joining 
temperature is in the range of 1258 C to 1330 C, a duration 
at said joining temperature is 30 seconds or longer and an 
applied pressure is in the range of 2 MPa to 4 MPa 



2. Claim : 5 

A method for expanding a joint of carbon steel pipes by 
using a tool inserted into a joint constituted by joining a 
plurality of carbon steel pipes, said method comprising 

using a joint of carbon steel pipes incorporating joint 
portions each having a maximum difference in level which is 
not larger than 25 % of the thickness of said carbon steel 

pipe; and , J . 

making an expansion ratio of the inner diameter of said 
joint of carbon steel pipes (inner diameter of carbon steel 1 
pipe after expansion - inner diameter of carbon steel pipe 
before expansion) /inner diameter of carbon steel pipe before 
expansion 100%) to be 25% or lower. 
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